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INTRODUCTION 

The hydroaromat ic components embodied i n  coal  molecules s t r o n g l y  
i n f l uence  t h e  thermal behav io r  of coal  i n  a v a r i e t y  of conversion processes. 
A body o f  i n d i r e c t  evidence suggests t h a t  e f f e c t s  due t o  f a c i l e  bond break- 
i n g  a t  benzy l i c  carbon atoms a re  opera t i ve  i n  coal  l i q u e f a c t i o n  (1,2),  
mesophase development (3,4) and d e v o l a t i l i z a t i o n  behav io r  ( 5 ) .  I n  an 
ongoing s tudy  o f  t h e  s t r u c t u r e  of coa l  de r i ved  molecules by t h e  technique 
o f  Cal i fo rn ium-252 Plasma Desorp t ion  Mass Spectrometry (CFPDMS), we have 
found (6)  t h a t  asphal tenes d i s p l a y  p o s i t i v e  i o n  groups of semi regu lar  
p e r i o d i c i t y  i n  t h e  mass reg ion  150 t o  400 amu, and t h a t  t h i s  p a t t e r n  i s  
s t r i k i n g l y  s i m i l a r  t o  t h a t  of  pure hydroaromat ic compounds. Such i o n  groups 
a re  a lso  observed ( / , 8 j  i n  F i e i d  i o n i z a t i o n  mass Spectro1iieir.y (F i i4S)  spectra 
of coal  de r i ved  m a t e r i a l s .  We wish t o  p resent  evidence t h a t  such i o n  groups 
a r e  due t o  b e n z y l i c  f u n c t i o n a l i t i e s  and n o t  t o  f a m i l i e s  o f  compound group 
classes. 

The CFPDMS techn ique invo lves  t h e  use o f  t h e  n u c l i d e  2 5 2 C f ,  one 
o f  whose modes o f  decay is spontaneous f i s s i o n .  Each f i s s i o n  event  e j e c t s  
two fragments i n  oppos i te  d i r e c t i o n s ,  each w i t h  speeds o f  c/ lO, and energies 
o f  SO t o  150 MeV. 
t h i n  f i l m  o f  o rgan ic  s u b s t r a t e  generates a h i g h l y  l o c a l i z e d  h o t  spo t  which 
d e v o l a t i l i z e s  p o s i t i v e  and negat ive  ions.  I n  the  CFPDMS exper iment (9,lO) 
these ions  are  acce le ra ted  towards a charged g r i d  and i n t o  a t ime of  f l i g h t  
(TOF) mass spectrometer.  The TOF c lock  i s  t r i g g e r e d  by the  second, s imu l -  
taneously e j e c t e d  f i s s i o n  fragment c o l l i d i n g  w i t h  a s t a r t  d e t e c t o r  and 
stopped when an o rgan ic  i o n  c o l l i d e s  w i t h  the  TOF de tec to r .  
of t h e  TOF data over  many events i s  managed under computer c o n t r o l .  
Accumulated data is assembled i n t o  a mass SlJecLbUm by c a l i b r a t i o n  w i t h  
known common ions.  ' 

d imethy lsu l fox ide  (DMSO) e x t r a c t i o n  and s o l v e n t  f r a c t i o n a t i o n .  DMSO e x t r a c t -  
i o n  of t he  Wilcox seam l i g n i t e  l i t h o t y p e  y i e l d s  almost a q u a r t e r  o f  t he  organic 
ma t te r  p resent .  
so lub le ,  hexane- inso lub l  e f rac t i on ,  f o r m a l l y  a asphal tene-preasphal tene 
blend. 

* Dedicated t o  P ro fesso r  Pe te r  Given, honorable r e c i p i e n t  o f  t h e  1984 

I n t e r a c t i o n  o f  one o f  these f i s s i o n  fragments w i t h  a 

A c q u i s i t i o n  

Na t i ve  coa l  asphal tenes can be i s o l a t e d  from low rank coa ls  by 

From t h i s  e x t r a c t  i s  i s o l a t e d  the  te t rahyd ro fu ran  (THF)- 

ion  The p o s i t i v e  i o n  CFPDMS spectrum o f  t h i s  sample d i sp lays  the  

Henry H .  Storch  Award i n  coal  research. 
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groups descr ibed. 
and preasphaltenes from coal  l i q u e f a c t i o n  products,  and i n  t h e  spectra 
Of  hydroaromatic compounds. The CFPDMS f ragmenta t ion  p a t t e r n  o f  
1,2,3,6,7,8 hexahydropyrene (HHP) can be i n t e r p r e t e d  i n  r a t i o n a l  s t r u c t u r a l  
terms and i l l u s t r a t e s  how the  mass d i s t r i b u t i o n  and c o n f i g u r a t i o n  of  these 
i o n  groups i s  a f u n c t i o n  o f  the  type  o f  benzy l i c  methylene f u n c t i o n a l i t i e s  
p resent .  

EXPERIMENTAL 

Such ions  are a l s o  seen i n  the  spectra o f  asphal tenes 

Wilcox seam l i g n i t e  ( M a r t i n  Lake, Texas) i s  a g i t a t e d  w i t h  
son ica t i on  i n  t e n  t imes i t s  mass o f  DMSO f o r  twenty  f o u r  hours, f i l t e r e d  
through a ceramic frit, and the  so l ven t  removed by evapora t ion  i n  vacuo. 
The t a r  i s  d iges ted  i n  THF f o r  twenty  f o u r  hours and the  DMSO-soluble, 
THF-insoluble s o l i d  i s  removed by  f i l t r a t i o n .  So lvent - f ree  THF-soluble 
ma t te r  i s  d iges ted  i n  excess hexane. 
th imb le  and ex t rac ted  w i t h  hexane i n  a Soxh le t  apparatus f o r  s i x  hours, 
then w i t h  water f o r  twenty f o u r  hours, t o  remove any DMSO. 
a f i v e  percent y i e l d  (DAF bas is )  o f  asphal tene-preasphal tene b lend i s  
ob ta ined i n  the  form o f  a f i n e  brown powder. 

L ique fac t i on  o f  Herron seam bi tuminous coa l  ( I l l i n o i s  NO. 6 ) ,  
P i t t sbu rgh  seam bi tuminous coal  (West V i r g i n i a )  and Wilcgx seam l i g n i t e  
(Texas) i s  c a r r i e d  o u t  i n  t e t r a l i n  under hydrogen a t  400 C .  
ma t te r  i s  d iges ted  i n  benzene and f i l t e r e d  t o  o b t a i n  preasphal tenes. 
Benzene-sol ubl e ma t te r  i s ex t rac ted  w i t h  hexane t o  y i e l d  o i  1 - f r e e  
asphal tenes. 

So l i ds  a re  f i l t e r e d  through a ceramic 

Upon d ry ing ,  

THF-soluble 

CFPDMS spec t ra  a re  taken by methods descr ibed p r e v i o u s l y  (9 , lO) .  

CFPDMS SPECTRAL RESULTS 

The p e r i o d i c  p o s i t i v e  i o n  groups i n  the  mass range 150 t o  400 amu 
a re  commonly seen i n  t h e  CFPDMS spec t ra  o f  coal  de r i ved  asphal tenes and 
preasphal tenes. Representat ive examples a re  shown i n  F igure  1 .  The groups 
occur w i t h  a mass p e r i o d i c i t y  o f  f rom 12.1 t o  14.1 amu, and are  most 
apparent i n  the  reg ion  f rom 200 t o  350 amu. Mass cen t ro ids  o f  these groups 
a re  very  nea r l y  the  same i n  a l l  samples examined, i n c l u d i n g  t h e  pure  hydro- 
aromat ic compounds. Average masses o f  these cen t ro ids  are l i s t e d  i n  Table 2 
These masses a re  very  s i m i l a r  t o  those o f  analogous F IMS ions  ob ta ined f rom 
o the r  coal  products (7,8). I t  i s  s i g n i f i c a n t  t h a t  these i o n  groups u s u a l l y  
appear a t  the top  o f  a broad envelope o f  ions  extending from 200 t o  500 amu, 
t h e  h igh  mass downward slope o f  which i s  devo id  o f  i o n  groups. 
i o n a l  analogy w i t h  the  FIMS coal  spec t ra  i s  t h e  more i n tense  i o n  groups 
below 200 amu. The composite i ons  cou ld  be i n t e r p r e t e d  as several  f a m i l i e s  
o f  compound group c lasses  o f  t he  form CnH2n-zOy , the  popu la t ions  of which 

r e s u l t  i n  apparent mass p e r i o d i c i t i e s  o f  l e s s  than fourteen. The CFPDMS 
spec t ra  o f  pure hydroaromat ic compounds suggests t h a t  an a1 t e r n a t e  expl  an- 
a t i o n  must be considered 

An a d d i t -  
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Figure 2 shows the  150 t o  500 amu range o f  the  p o s i t i v e  i o n  
CFPDMS spectrum of  HHP (MW 208). 
and 340 amu. The f i r s t  f i v e  groups a re  l a rge ,  cons i s t i ng  o f  the parent  
i ons  and i t s  f ragments.  Higher mass i o n s  are  smal ler ,  and f rom expansions 
o f  the spectrum (F igu re  2) i t  i s  apparent t h a t  t he  i o n  groups f a l l  a t  
approx imat ly  the  same masses as the  asphal tene ions  (Table 2 ) .  The 
parent  i o n  group (200-208 amu) c o n s i s t s  o f  a benzyl  c a t i o n  type  i o n  a t  
207 amu, i t s  unsatura ted  analogs a t  205 and 203 amu, and the  pyrene 
c a t i o n  r a d i c a l  a t  202 amu. Most probable s t r u c t u r e s  are  shown i n  Table 
1 .  
aromatic compounds a re  we l l  known ( 2 ) .  
pond t o  t h e  e x t r u s i o n  o f  carbon and hydrogen from the  ske le ton ,  as 
methylene, methine o r  carbon chains.  
ex t rus ions  are  accompanied by rearrangement, dehydrogenation and/or 
i n t ramo lecu la r  recombina t ion  t o  produce ions  i somer i c  w i t h  t h e  most probable 
s t r u c t u r e s  shown i n  Table 1. 
i s  nea r l y  the  same as t h a t  o f  the  asphal tene i o n  groups. The smal le r  
"postparent"  i o n  groups - e i g h t  o f  them between 221 and 325 amu - appear 
t o  be recombinant ions ,  o r i g i n a t i n g  from the  a t t a c k  of fragment i ons  on 
the  parent  molecule,  o r  on o t h e r  f ragments.  

DISCUSSION 

Fourteen i o n  groups appear between 152 

The l a t t e r  i o n s  a re  der ived  by f a c i l e  dehydrogenation, f o r  which hydro- ' 
I o n  groups a t  lower masses cor res-  

Fragment masses imp ly  t h a t  t h e  

The apparent p e r i o d i c i t y  o f  these i o n  groups 

I n  a p r e l i m i n a r y  survey o f  t h e  CFPOMS f ragmenta t ion  behavior 
o f  c o a l - l i k e  compounds ( 6 )  we have screened po lynuc lear  aromat ic hydro- 
carbons, aromat ic and a l i p h a t i c  ca rboxy l i c  ac ids ,  phenols, a r y l  e the rs ,  
monoal k y l  benzenes and hydroaromat ic compounds. Oxygen con ta in ing  com- 
pounds i n v a r i a b l y  y i e l d  pa ren t  i o n s  an order  o f  magnitude more i n tense  
than t h e i r  f ragment i o n s .  Hydrocarbons, such as phenyl pentadecane, 
dibenzanthracene and hexahydropyrene, do n o t  fragment i n  t h i s  manner, 
b u t  g i ve  r i s e  t o  f ragment i o n s  t y p i c a l l y  h a l f  as in tense as the  parent  
ions .  
d i f f e r e n t  f rom t h a t  seen i n  e l e c t r o n  impact i o n i z a t i o n  mass spectrometry.  
For example, 
a se r ies  o f  i o n  groups o f  p e r i o d i c i t y  14 amu (F igu re  3) ,  r e f l e c t i n g  
random cleavage a long t h e  a l k y l  cha in  (11).  1,2,5,6 Dibenzanthracene 
d i sp lays  fragments o f  p e r i o d i c i t y  13 amu (F igu re  3) corresponding t o  
successive expu ls ion  of  from one t o  e i g h t  methine groups f rom t h e  parent  
s t ruc tu re .  The fragment p e r i o d i c i t y  o f  a1 ky la rorna t ics ( inc1ud ing  hydro- 
aromat ic compounds) i s  n o t  so regu la r ,  and t h e i r  i n t e n s i t i e s  a re  of t he  
same magnitude as the  parent  ions .  
menta t ion  modes a v a i l a b l e  t o  benzy l i c  f u n c t i o n a l i t i e s ,  and t h e  fo rmat ion  
of very  s t a b l e  benzyl  c a t i o n  s t r u c t u r e s ,  exemplef ied by the  fragment ions  
of HHP shown i n  Table 1. 

CFPDMS f ragmenta t ion  resembles t h a t  o f  Pyro l  y s i  s -F i  e l  d Desorp- 
t i o n  Mass Spectrometry (PFDMS). The PFDMS p o s i t i v e  i o n  groups o f  German 
coals (8 )  f a l l  a t  the  same masses as those shown i n  Table 2. Schul ten 
a t t r i b u t e s  some o f  t he  p r i n c i p a l  ions  o f  these groups t o  severa l  se r ies  
of  compositions C,H2n-z. 

The p e r i o d i c i t y  o f  t he  fragment ions  i s  r a t i o n a l ,  bu t  q u i t e  

the  p o s i t i v e  i o n  CFPDMS spectrum o f  behenic a c i d  e x h i b i t s  

Th is  i s  a r e s u l t  o f  m u l t i p l e  f rag -  

An a d d i t i o n a l  s i m i l a r i t y  between PFDMS and 
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CFPDMS i s  the  appearance o f  h i g h  molecu la r  we igh t  i ons  o f  p e r i o d i c i t y  
74 amu. We f i n d  t h a t  monoalkylbenzene compounds, and some coa l  f rac t i ons ,  
show p o s i t i v e  CFPDMS i o n s  a t  m/z = 948 + 74 n , where n i s  0 t o  14. 
i o n s  appear t o  be polymeric t r i s - f u s e d  t r i pheny lene  s t r u c t u r e s  formed i n  
the  p y r o l y t i c  environment i n  which the  i o n s  a r e  d e v o l a t i l i z e d  ( 6 ) .  Ions  
Of these same masses have a l s o  been seen i n  Schu l ten 's  study ( 8 ) .  

o f  HHP and o the r  hydroaromat ics leads us t o  conclude t h a t  t he  CFPDMS 
technique i s  de tec t i ng  hydroaromatic and o the r  benzy l i c  f u n c t i o n a l i  t i e s  
among the  d i spa ra te  coa l  components. A suppor t ing  obse rva t i on  i s  t he  
presence o f  smal le r  recombinant ions  i n  the  spectrum o f  HHP which appear 
a t  masses above t h a t  o f  the  parent .  Th is  i s  a general  f e a t u r e  of t he  
CFPDMS spec t ra  o f  hydroaromat ic compounds. 
i n d i v i d u a l  recombinant i ons  a r e  n o t  seen. The v a r i e t y  o f  hydroaromat ics 
i n  the  sample g i ves  r i s e  t o  a broad envelope o f  ions ,  superimposed by the  
l a r g e r  fragment ions .  
of  coal  l i q u i d s .  The c o n f i g u r a t i o n  o f  t h e  i n d i v i d u a l  i o n  groups con ta ins  
i n fo rma t ion  r e f l e c t i n g  the  popu la t i on  o f  e x t a n t  hydroaromat ic molecules.  

Organic CFPDMS i o n s  have been de tec ted  up t o  1200 amu i n  many 
coa l  der ived  products,  y e t  t he  i o n  groups descr ibed i n  t h i s  r e p o r t  do 
n o t  appear a t  masses above 600 amu. These i o n  groups have n o t  been 
de tec ted  i n  the  CFPDMS spec t ra  o f  hexane-soluble coal  products,  because 
many o t h e r  i n tense  ions  i n t e r f e r e .  They a re  d e f i n i t l y  absent f rom the  
CFPDMS spec t ra  o f  DMSO-soluble, THF-insoluble f r a c t i o n s .  A working hy- 
po thes i  s i s  t h a t  as hydroaromat ic components condense i n t o  h igh  mo lecu la r  
weight cross1 inked molecules du r ing  c o a l i f i c a t i o n  metamorphosis, t h e i r  
benzy l i c  cha rac te r  i s  l o s t .  
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I Table 1: Most probable s t r u c t u r e s  o f  t he  main p o s i t i v e  CFPDMS fragment 
ions  o f  1,2,3,6,7,2 Hexahydropyrene, shown i n  F igure  2 

MASS 

207 

205 

203 

202 

191 

MASS 

179 

178 

176 @ ?  

165 

163 

1 G9 152 

Table 2: Mean mass c e n t r o i d s  o f  CFPDMS p o s i t i v e  i o n  groups e x h i b i t e d  by  
asphaltenes and hexahydropyrene i n  the  mass range 150 t o  370 amu. 

151 

167 
179 

191 

201 

21 2 

224 299 

237 31 1 
250 323 

263 337 

275 ( i r r e g u l a r )  349 

284 361 
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Figure 1 :  Positive CFPDMS ion groups of Coal derived Asphaltenes in the 
mass range 150 to 500 amu. 
asphaltene, 
asphaltene, C - Wilcox Seam Lignite, native asphaltene-pre- 
asphaltene blend, 
preasphal tene. 

A - Illinois No. 6 liquefaction 
8 - Pittsburgh Seam Bituminous Coal liquefaction 

D - Wi lcox  Seam Lignite liquefaction 
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Figure 2: Positive ion CFPDMS spectrum o f  1,2,3,6,7,2 tlexahydro- 
pyrene in the mass range 150 t o  500 amu. 
detail of fragment ions (150 t o  208 amu) and recombinant 
ions (220 t o  340 amu) . 

Vignetts show 
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Figure 3 :  P e r i o d i c  p o s i t i v e  CFPDMS i o n  groups. 
f rom cleavage o f  a l k y l  cha in  o f  Behenic a c i d  (Top), and p e r i o d i c i t y  
13 ainu methine e x t r u s i o n  fragments o f  D i  benzanthracene (Bottom). 
The Dibenzanthracene spectrum shows the  parent  i o n  a t  278 amu and 
an oxygenated i m p u r i t y  a t  294 amu. 

P e r i o d i c i t y  14  amu fragments 
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